Adverse health outcomes are often seen in breast cancer survivors due to prolonged treatment with side effects such as loss of energy and lack of physical strength. Physical activity (PA) has been proposed as an adequate intervention for women with breast cancer. Therefore, this review summarizes the effects of physical activity on breast cancer survivors after diagnosis. We searched electronic databases including PubMed, Medline, Embase, and Google Scholar for articles published between January 1980 and May 2013. We included a variety of studies such as randomized controlled trials, pilot studies, and clinical trials. We reviewed these studies for three major outcomes: changes in breast cancer mortality, physiological functions, and metabolic biomarkers. Of 127 studies, 33 studies were selected as eligible studies. These studies included physical activities of varying type, duration, frequency, and intensity (e.g., aerobic and resistance training) and examined changes in three major outcomes among breast cancer survivors. Many of the studies suggest that breast cancer survivors benefit from engaging in physical activity, but some studies were limited in their ability to provide adequate evidence due to relatively small sample sizes, short intervention periods, or high attrition. Based on epidemiological evidence, recent studies demonstrated that those breast cancer survivors who engaged in physical activity significantly lowered their risk of breast cancer mortality and improved their physiological and immune functions. Some studies demonstrated changes in metabolic biomarkers such as insulin and insulin-like growth factors. However, further investigation is required to support these findings because these results are not consistent. (J Cancer Prev 2013;18:193-200) 
INTRODUCTION
Breast cancer is the leading cause of death in females worldwide, accounting for 23% of total cancer cases and 14% of total deaths in 2008. 1 Approximately 89% of women with breast cancer survive at least 5 years after treatment, but side effects can persist for months to years. 2 Due to prolonged treatment, breast cancer survivors may experience loss of muscular strength in their cardiac and skeletal muscles and reduced mobility from abnormalities in their metabolic systems. 3 However, increasing muscular strength may prevent antioxidant loss and improve daily activity among cancer survivors. 4, 5 In particular, the use of large skeletal muscle groups enhances oxidative capacity and improves oxygen uptake during aerobic exercise, while resistance exercise restores muscle mass and increases resting metabolic rate. 6, 7 A sedentary lifestyle may increase cancer risk through several mechanisms such as increased insulin-resistance and inflammation and decreased immune system functioning. 8 In particular, insulin and insulin-like growth factor-I (IGF-1) may play significant roles in the development of breast cancer. 9, 10 Early-stage breast cancer survivors with elevated fasting insulin may be at increased risk of mortality due to poor prognosis. 11 Overall, physical activity (PA) may reduce the risk of breast cancer by reducing metabolic hormones (e.g., insulin-resistance) and systemic inflammation (e.g., C-reactive protein) and increasing immune cell components (e.g., T-helper cells). 4, 8, 12 The purpose of this review is to provide useful information regarding the benefits of PA for breast cancer survivors in changing mortality, physiological functions, and metabolic biomarkers after diagnosis.
METHODS

Study selection
We searched PubMed, Medline, Embase, and Google Scholar for articles published between January 1980 and May 2013. The studies were independently reviewed by three investigators (JK, WJC, and SHJ) and included a variety of studies such as randomized controlled trials, pilot studies, and clinical trials. Our search terms included "breast cancer after diagnosis (title/abstract)," "physical activity (title/abstract)," and "aerobic or resistance training (abstract)." We searched for three major outcomes: (1) breast cancer mortality, (2) physiological function, and (3) metabolic biomarkers. The term "mortality" was also searched as "breast cancer death"; the second term "physiological functions" was also searched as "cardiorespiratory function and muscular strength"; and the third term "metabolic biomarkers" was also searched as "immune system," "metabolic hormones," and "blood pressure and heart rate."
RESULTS
A total of 127 studies were identified through electronic databases. Of these studies, 10 were excluded due to duplication of articles. Of the remaining 117 studies, 33
articles were excluded because they studied a (1) cancer-type other than breast cancer, or found a (2) lack of association between PA and breast cancer. Of the remaining 84 studies, 51 full-text articles were excluded due to study protocol, including (1) no PA intervention, (2) no control group, (3) lack of 3 major outcomes, or (4) subjects engaged in PA before diagnosis. After careful review, a total of 33 studies satisfied the selection criteria and were included in this review. These articles studied breast cancer mortality (n=8), physiological functions (n=15), and metabolic biomarkers (n=10). ) and categorized into 3 types; low (＜3 MET), moderate (3-6 MET), and vigorous intensity (＞6 MET). 13 A p-value of ＜0.05 was considered to be a statistically significant change in mortality, physiological function, and metabolic biomarkers among the exercise group compared with the control group. NHS, the nurses' health study; CWLS, the collaborative women's longevity study; HEAL, the health, eating, activity, and lifestyle study; LACE, the life after cancer epidemiology study; WHEL, the women's healthy eating and living study; WHI, the women's health initiative; SBCSS, the shanghai breast cancer survival study; ABCPP, the after breast cancer pooling project.
mortality risk. The most common exercise was walking at moderate intensity, combined with occupational and recreational activities. The survivors who engaged in PA higher than 3 MET-h/week lowered their risk of breast cancer mortality by 26 to 40% and 35 to 49% compared with those engaged in PA less than 3 MET-h/week. 14, 15 Those engaged in walking for 3 to 5 hrs per week at a moderate pace (2-2.9 mph) experienced the greatest VO2 max, maximum oxygen uptake; VO2 peak, peak oxygen consumption; HR, heart rate; HRR, heart rate at resting; SBP, systolic blood pressure; DBP, diastolic blood pressure; BEAT, the better exercise adherence after treatment for cancer; RENEW, the resistance exercise via negative eccentrically-induced work.
health benefits. 14 32 One study reported significant increases in overall muscle strength from combined aerobic and resistance training. 33 Older cancer survivors who engaged in resistance training significantly increased muscle size by 4%. 34 The major changes in blood systems were decreases in heart rate and blood pressure. Two studies reported a significant decrease in resting systolic blood pressure due to aerobic training. 26, 35 thymidine), and T-helper lymphocytes (e.g., CD4 ＋ CD9 ＋ )
were significantly increased through aerobic training (e.g., cycle ergometers). [36] [37] [38] However, Nieman et al. 39 (1995) found no significant improvement in NKCA from IFN-γ increased. 43 Furthermore, the decrease of C-reac- Only a few studies have conducted research on the effects of PA on other cancer types such as prostate and colorectal cancer. [45] [46] [47] Similarly, these studies also demonstrated that PA is associated with reducing mortality and recurrence of cancer and improving overall health outcomes among survivors, but further investigation is necessary to compare these results with breast cancer studies.
Overall, survivors who engaged in higher amounts of PA (e.g., METs) had greater health benefits compared with those who were not engaged in PA. The studies suggested that survivors may have the greatest health benefits from walking at moderate intensity compared with other types of PA (e.g., recreational, sports, or occupational activities).
The increased breast cancer mortality risk was higher among survivors with sedentary life-style compared with those who were physically active. Therefore, the studies encouraged survivors to engage in PA to reduce possible side-effects or poor prognosis of breast cancer after diagnosis.
